ABSTRACT The development of ascites was investigated in broilers at low versus high altitudes, cold versus normal ambient temperatures (AT), and 3 feeding regimens. One-day-old chicks obtained at sea level were reared at high altitude (highA; 1,720 m; n = 576) with 2 AT treatments, low AT from 3 wk onward at highA (highA/cold) and normal AT from 3 wk onward at highA (highA/norm), or at sea level (normal AT from 3 wk onward at low altitude, lowA/norm; n = 540). Under highA/cold, AT ranged between 16 to 17°C in the fourth week, 17 to 19°C in the fifth week, and 19 to 21°C thereafter. Under highA/norm and lowA/ norm, AT was 24°C in the fourth week and ranged between 22 to 24°C thereafter. Broilers in each condition were divided into 3 groups: feed restriction (FR) from 7 to 14 d, FR from 7 to 21 d, and ad libitum (AL). Ascites mortality and related parameters were recorded. Low mortality (0.4%) occurred under lowA/norm conditions. Under highA/norm, mortality was lower in females (8.6%) than in males (13.8%) and was not affected by the feeding regimen. The highA/cold treatment resulted in higher mortality but only in males; it was 44.2% among highA/cold AL-fed males and only about 26% under the FR regimens, suggesting that FR helped some males to better acclimatize to the highA/ cold environment and avoid ascites. However, mortality was only 13.3% in AL-fed males at highA/norm and FR did not further reduce the incidence of ascites under these conditions. Thus, avoiding low AT in the poultry house by slight heating was more effective than FR in reducing ascites mortality at highA. Compared with FR from 7 to 14 d, FR from 7 to 21 d did not further reduce mortality and reduced growth. At 47 d, the majority of surviving broilers at highA had high levels of hematocrit and right ventricle:total ventricle weight ratio (>0.29), but they were healthy and reached approximately the same BW as their counterparts at low altitude. This finding may suggest that in broilers reared at highA from day of hatch, the elevation in hematocrit and in right ventricle:total ventricle weight ratio happens gradually and therefore is not necessarily indicative of ascites development.
INTRODUCTION
Ascites is a cardiovascular metabolic disorder characterized by fluid accumulation in the abdominal cavity. It is a common cause of economic losses due to mortality and downgrades in fast-growing broiler strains. In a survey about a decade ago, the average incidence of ascites was 4.7% (Maxwell and Robertson, 1997) . In a recent study conducted at a slaughterhouse in the Netherlands, Nijdam et al. (2006) found that 42.4% of dead-on-arrival birds showed pathological signs related to cardiovascular disorders. Generally, ascites is associated with fast growth and high metabolic rate, which represent high oxygen demand (Decuypere et al., 2000; Julian, 2000; Wideman, 2000; Balog, 2003) . Accumulating evidence has shown that low heat production is associated with low food conversion ratios and susceptibility to ascites (Buys et al., 1999) . Low heat production results from a high tissue oxygen requirement and insufficient oxygen supply; in fast-growing broilers, low heat production was indicated by reduced activity of the thyroid gland, which resulted in low plasma triiodothyronine concentrations (Malan et al., 2003; Decuypere et al., 2005) .
At high altitude (highA), the low partial pressure of oxygen in the air (hypoxia) contributes to undersaturation of the arterial blood with oxygen (hypoxemia) in fast-growing broilers. Hypoxia triggers partial constriction of the pulmonary vasculature, and hypoxemia leads to polycythemia [an increased hematocrit (HCT)] and an increased cardiac output. These responses combine to increase the work load of the right ventricle, resulting in compensatory right ventricular hypertrophy. Subsequent deterioration of the right ventricular muscle (cardiac decompensation) and failure of the right atrioventricular valve can lead to right-sided congestive heart failure that culminates as ascites in susceptible broilers. Low ambient temperature (AT) stimulates an increase in heat production, which increases the oxygen requirement of the body. Therefore, both low temperature and highA can increase the ascites incidence (Huchzermeyer et al., 1988; Julian, 1989 Julian, , 1993 Julian, , 2000 Peacock et al., 1990; Witzel et al., 1990; Decuypere et al., 2000; Wideman, 2000; Hassanzadeh et al., 2001 Hassanzadeh et al., , 2002 Hassanzadeh et al., , 2004 Balog et al., 2003) . Balog (2003) reviewed many aspects of the ascites syndrome in broilers and concluded, as did several other authors, that the most effective solution for the reduction of ascites incidence was genetic selection for broiler lines that are resistant to ascites (Balog, 2003; Druyan et al., 2007; Pavlidis et al., 2007) . However, until an effective selection program is developed and implemented by poultry breeding companies, early growth restriction remains an important management tool for reducing the ascites incidence.
Changes in feeding and lighting regimens can cause growth restriction (Baghbanzadeh and Decuypere, 2008; Hassanzadeh, 2009) . The hypoxemia related to a high metabolic rate in broilers can be partially prevented by limiting the intake energy via feed restriction (FR) (Julian, 2000; Lopez et al., 2000; Balog, 2003) . The final BW at slaughter age depends on the associated compensatory BW gain. There have been conflicting results in the data regarding compensatory growth and yield, depending on the severity and duration of the growth restriction regimen (Plavnik and Hurwitz, 1985; Acar et al., 1995; Zubair and Leeson, 1996; Lee and Leeson, 2001; Özkan et al., 2003 Zhan et al., 2007) . The distinct advantage of FR is that it is associated with a reduction in mortality (Shlosberg et al., 1991 (Shlosberg et al., , 1998 Arce et al., 1992; Gonzales et al., 1998; Balog et al., 2000; Lopez et al., 2000; Özkan et al., 2003) . Early age FR significantly reduced both incidence and mortality due to ascites under low AT and resulted in a BW similar to that of the ad libitum (AL)-fed group (Özkan et al., 2006) .
A large number of studies have examined the efficacy of FR as a management tool to reduce the ascites incidence with either highA or low AT (cold) models. The purpose of this study was to examine the combined effects of FR, highA, and AT on the development of ascites in broiler chickens, by testing 1-and 2-wk-long early age FR in broilers reared at highA versus low altitude (lowA), and the effects of avoiding AT below 20°C.
MATERIALS AND METHODS
Hatched 1-d-old chicks from a commercial line (n = 1,116) were obtained from a commercial hatchery at sea level (lowA; İzmir, Turkey). One group of chicks (n = 576) was transported by air to Van, Turkey (highA; 1,720 m above sea level), where highA treatments were conducted at the experimental farm of Yüzüncü Yıl University. The other group of chicks (n = 540) was maintained at the experimental farm of Ege University, İzmir, Turkey, where lowA treatments were conducted. All chicks were placed and maintained in transportation boxes to ensure they experienced similar holding times (24 h) at both locations before exposure to feed and water.
At both altitudes, the chicks were randomly distributed into 9 pens (pen floors were 5 and 5.4 m 2 and each pen contained 60 and 64 chicks for lowA and highA, respectively), with an average stocking density of 12 birds per square meter (Table 1) . Pens were bedded with wood shavings and each pen was equipped with 1 bell drinker and 2 feeders. At both altitudes, the brooding temperature was 33 to 34°C on d 1 and gradually decreased to 25°C by d 21. Water was available at all times, and daily fluorescent illumination was applied for 23 h with 1 h of dark throughout the experimental period of 47 d.
Commercial broiler diets were supplied at both altitudes from the same commercial feed sources. Broilers were fed a crumble starter diet from 1 to 21 d of age, a pellet grower diet from 21 to 30 d of age, and a pellet finisher diet from 30 d onward. The diets were designed according to the guidelines of the NRC (1994). The starter and grower diets contained 3,100 kcal/kg of ME, and the finisher diet contained 3,200 kcal /kg of ME. The CP content of the starter diet was 225 g/kg, and both the grower and finisher diets had a CP content of 200 g/kg.
FR
Feed was provided AL for all birds during the first week. At 7 d, 576 chicks at highA and 529 chicks at lowA were weighed and wing-banded. Then, the 9 pens were divided into 3 groups (3 pens each), and each group was randomly allocated to 1 of 3 feeding regimens (Table 1 ). The first group comprised the control (AL) birds that were fed AL throughout the experiment. The second group comprised growth-restricted birds that were treated with FR from 7 to 14 d of age . The third group comprised growth-restricted birds that were treated with FR from 7 to 21 d of age (FR7-21). The FR protocol provided 22 g of daily feed, or 50% of the energy required to support a normal growth rate. The energy allowance during FR was calculated according to the equation outlined in a previous work by Özkan et al. (2006) .
AT Treatments
Standard brooding temperatures were maintained for all birds for the first 21 d. At d 21, half of the birds in each pen were moved to an adjacent room in the same house, to facilitate 2 different AT treatments, the recommended normal temperature (22 to 24°C) versus cold conditions. To accommodate half the number of birds, the pens were divided in half with cage wires (pen floors were 2.5 and 2.7 m 2 for lowA and highA, respectively), and each pen was equipped with 1 drinker and feeder.
In the cold rooms, the heat was turned off on d 21 at both locations (lowA and highA) and the AT was changed according to the outside temperature for the remainder of the experiment. Due to the warm climate, the average AT ranged between 22 and 24°C from 21 d onward in both rooms at the lowA location; hence, the lowA data from the 2 rooms were pooled to a single condition of lowA and normal AT (normal AT from 3 wk onward at lowA, lowA/norm) with 6 (instead of 3) pens per feeding treatment. In the normal temperature rooms, AT was maintained at 24°C between d 21 to 28; then, it was slightly reduced for the remainder of the experiment, ranging between 22 to 24°C ( Table 1) . The normal AT at the highA location was achieved by a slight heating of the room (normal AT from 3 wk onward at highA, highA/norm). The AT and humidity were recorded with thermohygrometers placed above the floor at the level of the birds. The average humidity ranged from 50 to 60% in the lowA/norm and highA/ norm conditions and from 60 to 70% in the condition of highA and low AT (low AT from 3 wk onward at highA, highA/cold).
BW, Feed Consumption, and Feed Conversion Ratio
Individual BW measurements were taken on d 7, 14, 21, 28, 35, 42, and 47 . The sex of each bird was determined at the final weighing or at the necropsy. Feed consumption (FC) in each pen was calculated per bird (g/bird) by dividing the total FC of each pen by the actual number of birds in that pen. The actual number of birds per group (3 pens each) slightly varied from 186 to 196 at highA and from 174 to 178 at lowA. The feed conversion ratio (FCR) was determined as the FC per BW gain (g/g) for each pen in each period. Mortality was recorded daily.
Ascites Diagnosis, Heart Weight, Right Ventricle:Total Ventricle Weight Ratio Dead birds were subjected to postmortem examinations and those with accumulation of abdominal or pericardial fluids were diagnosed as ascites mortality. The heart was dissected and the right ventricle:total ventricle weight (RV:TV) ratio was calculated for each bird (Julian, 1993) . At the end of the experiment (48 d of age), 12 males and 7 females from each rearing temperature and feeding group were randomly chosen at each altitude (228 birds total) to evaluate heart weights and RV:TV ratio. Birds were weighed before slaughtering, then hearts were removed and weighed to the nearest 0.1 g and the results were presented as heart weight relative to BW (g/100 g of BW). Hearts were then dis- 1 highA = high altitude; lowA = low altitude. 2 AT = ambient temperature. 3 AL = ad libitum feeding; FR7-14 = feed restriction from 7 to 14 d of age; FR7-21 = feed restriction from 7 to 21 d of age. 4 highA/cold = low AT from 3 wk onward at highA; highA/norm = normal AT from 3 wk onward at highA; lowA/norm = normal AT from 3 wk onward at lowA.
sected and the right ventricle and total ventricle were weighed to calculate RV:TV ratio.
HCT
Blood samples from all birds were taken from the brachial vein on d 21 and 45 for HCT measurements. Blood was drawn in heparinized microcapillary tubes and centrifuged for 7 min to measure HCT.
Statistical Analysis
All data from the experiment, except mortality due to ascites, were subjected to ANOVA with the GLM procedure (JMP statistical package, SAS Institute, 2000) . From 7 to 21 d of age (early ages), BW gain data were analyzed for associations with altitude, feeding, sex, and all of the interactions. From 21 d onward, after the cold treatment was started, statistical models included the condition (altitude/AT), feeding, sex, and 2-and 3-way interaction effects on BW gain and HCT. Least squares means were separated with Tukey's test. When a factor was found to be explanatory, a contrast assessment was used for comparisons of the means. For ascites mortality, χ 2 analyses were performed for each condition and sex group to determine whether the effects of feeding treatments varied with condition and sex. Combined data from FR7-14 and FR7-21 were also tested against AL in each subgroup to determine the overall effect of FR on ascites mortality. The FC and FCR were evaluated per pen (mixed sex); thus, sex was not considered in the analyses of these traits.
The HCT from 21 d, the relative weight of the heart at 48 d, and the RV:TV ratio data at 48 d were subjected to logarithmic transformation before statistical analysis to achieve a normal distribution. However, actual means are presented in the tables.
RESULTS

Ascites Mortality
Mortality due to causes other than ascites was at acceptable levels (<5%) and hence excluded from the analyses. Only 5 birds died from ascites between 7 and 21 d, and all were from the highA/norm (0.8%, 5/576) group. Therefore, in this study, only the ascites mortality after 21 d was considered.
A total of 95 birds died due to ascites from 21 to 47 d. The χ 2 analyses showed that the treatment conditions significantly affected ascites mortality (P ≤ 0.05). Ascites mortality was higher for birds under highA/cold (21.2%) than for those under highA/norm (11.3%) conditions; under the lowA/norm condition, only 2 birds died from ascites (0.4%) (Figure 1 ). The χ 2 analysis of the overall data showed that FR did not affect ascites mortality between 21 and 47 d. Table 2 presents the distribution of ascites mortality from 21 to 47 d among feeding groups under each condition (altitude/AT) with respect to sex. When the 3 feeding groups of males under highA/cold were compared, the differences among them failed to reach the significance threshold of 0.05 (P = 0.07). However, ascites mortality among the highA/cold males was significantly lower (P ≤ 0.05) in the combined FR groups (25.8%) than in the AL group (44.2%). The different results under lowA/norm versus highA/norm conditions showed the effect of altitude on ascites mortality. The low AT of the highA/cold conditions, when compared with the highA/norm conditions, increased ascites mortality in males (in all feeding treatments), but not in females, which had significantly lower ascites mortality than males in the highA/cold condition. In both sexes, the ascites mortality under highA/norm conditions was not affected by the feeding regimen and was numerically lower in females (8.6%) than in males (13.8%). Because in females the incidence of ascites mortality was not affected by FR or AT (highA/cold 8.9% vs. highA/ norm 8.6%), the following discussions are focused on the effects of these treatments on males.
The age at death due to ascites did not differ within the feeding groups or within the same sex.
BW, Weight Gain, FC, and FCR
At the onset of the FR treatment (d 7), chick mean BW was similar in all groups, ranging from 136 to 138 g among feeding groups and from 136 to 137 g among the condition (altitude/temperature) groups. As expected, mean d 7 BW of the males (140 ± 0.8 g) was significantly higher than females (133 ± 0.8 g). Table 3 presents mean BW at 21 (BW21) and 47 d of age and the Cumulative ascites mortality at various ages (between 21 to 47 d) under different conditions. highA/cold = low ambient temperature (AT) from 3 wk onward at high altitude (highA); highA/ norm = normal AT from 3 wk onward at highA; lowA/norm = normal AT from 3 wk onward at low altitude (lowA).
daily BW gain during FR (7 to 14 and 14 to 21 d) and after return to AL feeding (21 to 28, 28 to 42, and 42 to 47 d). The condition, feeding, and sex significantly affected BW gain at all ages and final BW. The sex × feed interactions were found to significantly affect final BW as well as BW gain at all ages except from d 28 to 42 (Table 3 ). The limiting effect of highA on weight gain was more prominent for males than for females, and the effect was more apparent at 14 to 21, 21 to 28, and 42 to 47 d. Feed restriction significantly reduced daily BW gains during the restriction period (P ≤ 0.05) and at BW21 (Table 3) . Restricting birds for 7 d resulted in a daily BW gain that was approximately 50% of that for AL between 7 and 14 d. When the birds were restricted for 14 d, the level of growth restriction was more severe, as indicated by very low daily BW gains from 7 to 21 d. The outcome was an average 60% reduction of BW21 in the FR7-21 group compared with the AL group (Table 3) . When feed-restricted groups were returned to AL feeding, they had significantly (P ≤ 0.05) higher daily BW gains than during FR, and males gained more than females (Table 3) . Between 21 and 28 d, FR7-14 males and females had higher daily BW gain than their AL-fed counterparts under highA/ cold and lowA/norm conditions, but not under the highA/norm condition; this indicates that there were substantial interactions between altitude/temperature conditions and feeding. Under lowA/norm and highA/ cold conditions, the FR7-14 group caught up to the AL group in terms of BW at 47 d, the time at which the trial was terminated (Table 3) . However, the broiler response to FR differed significantly according to sex, resulting in a significant sex × feeding interaction. The BW of FR7-14 males under highA/norm conditions did not catch up to the BW of their AL-fed counterparts at 47 d. Growth differences during FR and AL periods are shown in Figure 2a, b, c, d , e, and f, where the BW, estimated by sex and condition, was plotted as a function of age for the different feeding groups. At 21 to 28 d, FR7-14 males exceeded the daily gains of AL males under highA/cold and lowA/norm conditions (Table  3) . However, under highA/norm conditions, the compensatory growth rate in FR7-14 males was delayed and did not exceed the rate of growth exhibited by AL males (Table 3) . Therefore, at 47 d, FR7-14 females had caught up in BW with the AL-fed females ( Figure  2d , e, and f), but the FR7-14 males did not catch up in BW to the AL-fed males. The FR7-21 broilers showed significant compensatory growth between 21 and 28 d; however, they did not catch up to the BW of their AL counterparts under any conditions.
The altitude/temperature significantly affected FC in all periods except during the 14 to 21-d period (Table  4) . At lowA, the AL and FR7-14 groups had higher total FC (7 to 47 d) than the FR7-21 group. However, at highA, in both warm and cold conditions, the FR7-14 and FR7-21 groups had similar total FC. Feed conversion ratio was impaired during FR but tended to improve when birds were returned to AL feeding (Table 5 ). In highA/cold and highA/norm conditions, the FR7-21 group had significantly higher FCR than the AL group over the entire experimental period (7 to 47 d). However, when FCR values were calculated with a target BW of 2,250 g (mean BW of FR7-21 at 47 d at highA), the advantage of FR7-21 over AL and FR7-14 disappeared, and FR7-21 broilers actually fared worse. A altitude/temperature condition × feeding interaction effect was observed for the periods of 14 to 21 d and 7 to 47 d; this finding was the result of similar FCR for the AL and FR7-14 groups under all conditions. 1 highA/cold = low ambient temperature (AT) from 3 wk onward at high altitude (highA); highA/norm = normal AT from 3 wk onward at highA; lowA/norm = normal AT from 3 wk onward at low altitude (lowA).
2 AL = ad libitum feeding; FR7-14 = feed restriction from 7 to 14 d of age; FR7-21 = feed restriction from 7 to 21 d of age. 3 n = number of dead birds with ascites in each condition × feeding × sex subgroup. 4 N = total number of the birds in each condition × feeding × sex subgroup. 5 χ 2 analysis of differences in ascites mortality between the AL group and the 2 FR groups combined. 6 Probability of χ 2 analysis feeding groups within condition. 7 P > 0.05. 
HIGH ALTITUDE, COLD, AND FEED RESTRICTION AFFECT ASCITES
HCT, Heart Weight, and RV:TV Ratio
The means of HCT at 21 and 45 d and of the relative heart weight and RV:TV ratio of the birds sampled from each group at 48 d are presented in Table 6 . These 4 measurements were not affected significantly by sex and by interactions with sex; therefore, combined means of males and females are presented. Already at 21 d, the birds reared at highA had significantly higher HCT values than those reared at lowA. At lowA, the feeding regimens did not differ in mean HCT but at highA, mean HCT was lowest in the FR7-21 group and highest in the FR7-14 group. At both altitudes, mean HCT hardly changed from 21 to 45 d. At 45 d, the AT did not affect HCT in the FR-treated groups, in which the means under highA/cold and highA/norm were very similar, ranging between 33.5 and 34.9. Mean HCT of the AL birds under highA/cold was also similar (33.3) and only the AL birds under highA/norm had a lower mean HCT (31.3), yet much higher than HCT means of the 3 groups under lowA/norm, that ranged from 26.4 to 26.6. Figure 2 . Effect of feed restriction on BW of male a) highA/cold, b) highA/norm, and c) lowA/norm and female d) highA/cold, e) highA/ norm, and f) lowA/norm broilers between 7 to 47 d of age. highA/cold = low ambient temperature (AT) from 3 wk onward at high altitude (highA); highA/norm = normal AT from 3 wk onward at highA; lowA/norm = normal AT from 3 wk onward at low altitude (lowA). AL = ad libitum feeding; FR7-14 = feed restriction from 7 to 14 d of age; FR7-21 = feed restriction from 7 to 21 d of age.
Mean heart weight at the end of the trial, as percentage of BW, was not affected by altitude/AT conditions, but the hearts were significantly larger in the FR7-21 groups (except under highA/norm), possibly because the birds in these groups had significantly lower mean final BW, hence the higher heart percentages. The birds reared at highA under either normal or cold AT had higher RV:TV ratios than in birds reared at lowA, similar to the ranking of these groups in HCT.
DISCUSSION
The results of ascites mortality in this study were in accordance with previous reports that highA and low AT lead to the development of the ascites syndrome (Julian, 1993; Balog et al., 2000 Balog et al., , 2003 Decuypere et al., 2000; Wideman, 2000) . There was a clear additive effect of highA and low AT on the incidence of ascites mortality, consistent with a previous report by Hassanzadeh a-d Least squares means not sharing common superscripts within columns differ significantly (P ≤ 0.05).
x,y Least squares means not sharing common superscripts in the columns within each condition show significant difference between feeding groups (P ≤ 0.05). et al. (2001) . The cold conditions (low AT ranging from 16°C at 21 d to about 20°C after 35 d) significantly increased the incidence of ascites mortality among birds reared at highA, particularly AL-fed males, compared with the normal conditions in which AT was higher by about 7°C in the fourth week, 5°C in the fifth week, and 3°C thereafter (see Table 1 for the AT treatments and  Table 2 for ascites mortality). The highA/norm conditions were achieved by modest heating that elevated by a few degrees Celsius the otherwise low AT due to the mountains' cold climate. The significant reduction in ascites mortality by such a slight heating suggests the practical importance of this approach.
The FR treatments also reduced ascites mortality in males under highA/cold condition, from 44.2 to about 25%, probably due to the reduced level of metabolism per metabolic BW (Zubair and Leeson, 1996) as reflected by the lower growth rate of the FR birds at early ages and the consequent reduction in demand for oxygen (Julian, 2000) . However, under highA/norm conditions, in which ascites mortality among the ALfed males was 13.3%, the FR did not further reduce the ascites mortality, which was 14.0% among the FRfed males. In agreement with this result, Özkan et al. (2006) suggested that early age FR might affect the development of ascites in a critical stage before low AT under normoxic conditions. The results of this study suggest that FR was also effective at highA (1,720 m) and cold conditions that are often experienced in commercial farms in mountain areas. However, at highA, heating the houses during the cold season would be more effective than FR at reducing mortality due to ascites.
We also examined the effects of a more severe FR, from 7 to 21 d of age, on broilers reared at highA. Compared with 1-wk FR (FR7-14) , the 2-wk FR did not further reduce ascites mortality, despite the severe depression of growth. Recently, khajali et al. (2007) reported a reduction in ascites mortality with an everyother-day FR protocol for 3 d during the second week of life at highA (2,100 m). They also reported that growth compensation was not achieved by 42 d of age, similar to the results in the present study. However, Zhan et al. (2007) used a FR protocol that included 4 h of fasting per day from 0 to 21d; they reported that the BW of female broilers was similar to the BW of their AL-fed counterparts at 63 d.
Adaptive responses to altitude may also explain why the BW results were contrary to previous reports. Previous reports have shown that low oxygen availability might act as a growth-restricting factor in AL-fed birds (Sturkie and Griminger, 1986; Witzel et al., 1990; Beker et al., 2003) . A tendency for growth retardation due to highA for males, but not for females, was observed at 21 d. However, at 47 d, we found similar slaughter weights at both altitudes and temperatures, contrary to previous reports (Witzel et al., 1990; Beker et al., 1995; Balog et al., 2000) . Hassanzadeh et al. (2004) reported that broilers reared at a highA (2,000 m) and exposed to low AT from 14 d of age were seriously hypoxic, de- a-c Least squares means not sharing common superscripts within columns differ significantly (P ≤ 0.05).
x,y Least squares means not sharing common superscripts in the columns within each condition show significant difference between feeding groups (P ≤ 0.05). 1 AL = ad libitum feeding; FR7-14 = feed restriction from 7 to 14 d of age; FR7-21 = feed restriction from 7 to 21 d of age.
2 highA/cold = low ambient temperature (AT) from 3 wk onward at high altitude (highA); highA/norm = normal AT from 3 wk onward at highA; lowA/norm = normal AT from 3 wk onward at low altitude (lowA).
veloped right ventricular hypertrophy, and had a lower final BW (42 d) compared with those reared at sea level. Other comprehensive studies conducted at highA did not report BW or gain (Hassanzadeh et al., 2001) , or reported BW only from males and did not include RV:TV ratios of surviving birds (khajali et al., 2007) . It may be speculated that differences between experiments could reflect genotypic differences in growth rate and susceptibility to high-altitude hypoxia.
The HCT values were high in the FR7-14 group at 21 and 45 d and even higher in the FR7-21 group at 45 d; these coincided with the accelerated growth rates observed in these groups after the FR period. A high growth rate requires a high metabolic rate, and thus, the organism has a high oxygen demand (Witzel et al., 1990; Julian, 1993; Beker et al., 1995 Beker et al., , 2003 . At 21 d, the similar HCT levels of FR7-14 males and AL males reared at highA indicated that oxygen requirements and metabolic rates were similar between the 2 groups. This result suggested that FR7-14 and AL males may have experienced similar stresses and rapid growth under the highA, namely low oxygen availability. In our study, mean HCT hardly changed from 21 to 45 d (Table 6 ), indicating that the stress of highA did not increase from 21 d, when there was no ascites, to 45 d. This finding also supports our claim that the surviving birds at the end of the trial did not suffer from ascites.
Our observations of improved FCR, resulting from increases in FR, were consistent with earlier studies Hurwitz, 1985, 1988; Plavnik and Yahav, 1998) and may be explained by a greater feed intake relative to body size in restricted birds after resuming AL feeding. Moreover, Zubair and Leeson (1996) speculated that the digestive system may undergo an adaptive response to FR. Due to the limitations of the present study design, it was not clear whether there was a relationship between the FCR and ascites development. However, fewer chickens in the FR7-14 group developed ascites than in the AL group, and the 2 groups had similar FCR values only under highA/cold conditions. This indicated that FR created an adaptive response to cold, but not to altitude, with respect to ascites development
The broilers reared at highA exhibited high HCT values at the age of 21 d, suggesting higher oxygencarrying capacity in their blood. This was most likely an adaptive physiological response to the low availability of oxygen due to highA (Sturkie and Griminger, 1986; Beker et al., 2003) . Recently, Zhang et al. (2007) reported that chickens reared at highA had high red blood cell counts (HCT) and high hemoglobin levels, both compensatory responses to low atmospheric pressure of oxygen. In addition to elevated HCT, which means higher blood viscosity, the low atmospheric oxygen pressure also leads to constriction of pulmonary blood vessels, and these 2 factors increase the pulmonary vascular resistance, thus leading to pulmonary hypertension (Julian, 1993; Decuypere et al., 2000; Wideman, 2000) . The heart responds to the increased work load with right ventricular hypertrophy. This hypertrophy is expressed by elevation in the weight of the right ventricle relative to the weight of the entire heart (total ventricle), resulting in a higher RV:TV weight ratio (Sillau et al., 1980) . The expected outcome of right ventricular hypertrophy is liver congestion and edema, ascites with growth suppression, and mortality (Julian, 1993; Wideman, 2000; Balog, 2003) .
In the present study, the broilers that survived to the end of the trial at the highA location had significantly higher mean of HCT (about 33%) and RV:TV ratio (about 0.35) than their low-altitude counterparts, with mean of HCT of about 0.26 and mean RV:TV ratio of about 0.21 (Table 6 ). Thus, the broilers under lowA exhibited no physiological indications of ascites, in agreement with the very low incidence of ascites mortality (about 1%). Under highA, in which ascites mortality ranged from about 8% among females to 44% among AL-fed males under low AT, about 2/3 of the surviving broilers had RV:TV ratio greater than 0.29, the value that has been generally accepted as the threshold indicator of pulmonary hypertension and ascites (Huchzermeyer et al., 1988; Julian, 1993 , Wideman, 2000 . Thus, according to this common dogma, the majority of the broilers at highA had to be considered ascetic. However, within each highA group, mean final BW of the birds with RV:TV ratio < 0.29 was not higher than that of the birds with RV:TV ratio > 0.29, indicating that the latter birds exhibited normal growth rate, as expected from healthy broilers. Moreover, the surviving broilers with RV:TV ratio > 0.29 did not exhibit accumulation of abdominal or pericardial fluids, thus further supporting the conclusion that they were healthy despite their hypertrophic RV. Similar results were recently obtained in several broiler trials at the altitude of 2,400 m above sea level in South America (Cahaner, unpublished data) .
It appears that the timing and rate of the responses to ascites-inducing conditions affect the development of ascites. In most trials on ascites in broilers, they were reared at lowA under standard warm brooding temperatures for 2 to 3 wk, without any exposure to ascites-inducing conditions. Then the chicks were exposed to cold conditions with an abrupt reduction in AT of more than 10°C. Such a change leads to a substantial elevation in HCT due to enhanced production of erythrocytes (Yahav et al., 1997) . However, it was shown that under such circumstances, most new erythrocytes are immature, namely with low content of hemoglobin; hence, they hardly increase the blood's oxygen-carrying capacity yet they increase blood viscosity and therefore enhance the development of ascites (Luger et al., 2003) . In the present study, the low atmospheric pressure of oxygen due to highA was the main factor in the ascites-inducing condition. The chicks were exposed to this condition from d 1 onward, but during the first weeks, their oxygen demand was still low due to their low BW and the high brooding temperatures. It is pos-sible that under these conditions, the challenge of low oxygen supply and the consequent elevation in the rate of erythrocyte production increased gradually; hence, the additional erythrocytes were fully mature with regard to hemoglobin content. It appears, therefore, that the resulting high HCT, observed at the age of 21 d in the present study and already at 10 d in similar studies at highA (Cahaner, unpublished data), increased the blood's oxygen-carrying capacity in most broilers to a sufficient level that balanced oxygen demand and supply; hence, ascites was not developed and the birds grew normally despite the high HCT values and the high RV:TV ratios.
In summary, the surviving broilers at highA had higher HCT and RV:TV values yet almost similar final BW compared with their lowA-reared counterparts. In addition to their normal growth rate, the surviving broilers at highA did not exhibit any signs of ascites (e.g., fluid accumulation in body cavities). This finding may suggest that in broilers reared at highA from day of hatch, the elevation in HCT values and in RV:TV ratios happens gradually and therefore does not necessarily lead to ascites development. However, this suggestion requires further investigation.
The FR significantly reduced ascites mortality in males under highA/cold conditions, probably by reducing the metabolic rate during the restriction period. This suggests a possible acclimation effect on the development of ascites in broilers under the environmental stress of cold conditions at highA. However, in the present study, the avoidance of low AT (by slightly heating the houses to the recommended normal AT level) was more effective than FR in reducing the incidence of ascites at highA. Yet, FR is a recommended management strategy for farmers at highA that cannot afford to heat their broiler houses during cold seasons.
